The uncertainties of climate change in Spanish daily newspapers: content analysis of press coverage from 2000 to 2010 Emilia Lopera and Carolina Moreno ABSTRACT: This paper explores media coverage of climate science through a selection of Spanish newspapers (El País, El Mundo, ABC, Expansión and Levante). We selected a stratified random sample of 363 items to be studied for eleven years (2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010). Content analysis allowed us to find out media attention paid to climate science, prevalence of informative tables, evaluation and characterization of news, as well as the presence of questioning or rejection of climate change. According to main results, press coverage of climate science in Spain was mainly focused on the consequences rather than on the causes or natural sources, and media attention paid to it was limited. Overlapping with social and macroeconomic problems in the country also contributed to communication of climate science as a controversial and uncertain science through informative framings.
Spain is one of the European countries most vulnerable to the impact of climate change, due to its geographical location [1] However, even if political action both by governments or individual citizens can be either favoured or blocked depending on media position, the role of media in analysing and/or disseminating such a controversial topic has been scant. On the contrary, other European countries, e.g. the U.K. [2] [3] [4] , Portugal [5] , France [6, 7] , or Germany [8, 9] , have been studying for more than a decade how media deal with the problem of climate change and how different reporting practices influence its perception in public opinion.
Nevertheless, in recent years, Spanish speaking countries -Argentina [10] , Mexico [11, 12] , Perú [13] , and Spain [14] -have shown a certain interest in this line of research. This paper aims to contribute to this field of research by scrutinizing the journalistic production on climate science from 2000 to 2010, at a group of selected national newspapers: El País, El Mundo, and ABC, as well as Levante, a regional journal, and Expansión, a business and economic daily.
This paper also falls in line with research on public understanding of science, which takes into account not only the so-called cognitive deficits but also the factors that influence social appropriation of such knowledge. As the literature shows, scientific knowledge is usually incorporated within objects and services as well as individuals through their skills and qualifications, within institutions through their operational capabilities, ultimately becoming a part of culture, values, and personal attitudes [15] In any case, before scientific knowledge can be apprehended, it must be transmitted.
The analysis of climate science media coverage is based upon three needs: a) apart from formal education, media are the main source of climate change information for the lay public [16] , b) this phenomenon has a number of features that act as barriers that hinder public cognitive understanding [17] and attenuate the perception of risk, and c) global climate policies are negotiated on the basis of scientific information on the issue. Therefore, the manner in which media report this particular science is of crucial importance.
The combination of features that make climate change a singular environmental problem stems from its considerable scientific complexity [9] , as well as from the fact that it is so closely related to the current energy systems that articulate economic and social development. In addition, climate risk perception is tempered by different factors. First, both its causes and consequences make it a global phenomenon, although its impact has an irregular geographical distribution [1, 2, 18] . Second, many ecological crises of global reach, such as biodiversity problems or climate change, are so abstract that they escape direct public awareness [19] To these facts must be added the lack of direct experience, as cause and effect are not obvious. Finally, the most serious consequences are perceived as something distant in both time and space due to environmental hyperopia [20] , a strategy that relieves people of any personal responsibility.
Based upon the theoretical attention-cycle model to environmental problems developed by Anthony Downs [21] , this paper has analysed the evolution in the volume of media coverage on climate science in the Spanish newspapers, taking as a reference the state of the question in the international arena after twenty years of development in this line of research. General framings of data were analysed according to the categorization made by Entman in 1993 [22] , partially replicating the work done in the U.S. [23, 24] , that is the specific framings of climate science [25] , and the causes, consequences and solutions of the phenomenon -as well as the spatial and temporal scales in which consequences are positioned -were characterised.
According to the framing analysis tradition, informative frames in media coverage provide a "scheme of interpretation" that gives meaning to an event by selecting and highlighting certain aspects of reality in order to promote a particular evaluation and solution [22] . This scheme of interpretation is more relevant when journalists report complex issues that have not been directly experienced [26] . This paper contributes to the existing research on framing analysis by developing an in-depth and systematic characterization and assessment of the general framing categories and subcategories. Compared with other studies that examined the framing used in climate science communication, here we tried to go a step further by combining the analysis of general framings with the analysis of specific framings of climate science, in addition to coding the problem recognition and the arguments used by journalists to deny or question the phenomenon of climate change. We argue that this approach can be a useful research tool to better understand how complex and controversial scientific issues such as climate change are translated and shaped by newspapers.
In a broader research context, the relevance of this type of studies is based on the role that media plays both in public perception of climate risk and in political action when designing mitigation and adaptation measures. Ultimately, the implementation of these measures at global level will determine how humanity is going to cope with extreme weather conditions for the years and decades to come. Q5. Could the Spanish press contribute to the creation of scientific uncertainty about climate change?
Questions selected for investigation

Social communication regarding climate change in Spain
The first studies of media coverage on climate change in Spain appeared in 2007. The first analysed a possible direct connection between the public figure Al Gore and the onset of climate change reports in the three leading national general newspapers [27] Assuming that media are often the primary source of information for people, a second paper addressed the social construction of climate change in Al Gore's documentary "An Inconvenient Truth" [28] . The collective representation of desolate landscapes provided by climate disaster movies over at least the past thirty five years was also the subject of study [29] . Their powerful images of desolation and death may have influenced the dramatization of journalistic information about climate change [30, 31] [34] . This monograph included both articles in Spanish -in order to introduce international reference works to the Spanish-speaking community -as well as in English, to provide external visibility to Latin American papers. In 2012 a monograph was published addressing media discourse on climate change. In particular, one of its chapters focused on analysing Spanish television coverage of climate summits in Cancun and Durban [14] .
Theoretical framework
This research uses the attention-cycle model regarding environmental problems [21] to explain why the amount of information on climate science shows a cyclical pattern. According to this model, social concern for specific environmental problems does not depend on the objective severity of each problem but on the level of media attention devoted, based upon public interest in the topic. The results from these papers have been interpreted from this theoretical perspective [23, 24, 35] .
The application of framing analysis to the study of media coverage of climate science in Spain stems from Goffman's general definition of this construct in the 70s [36] . He defined "frame" from a sociological perspective as a "scheme of interpretation" articulated from a number of internal and external signals that give meaning to an event and help both to interpret and understand it. Entman's concept of informative framing serves to illustrate the power of written communication [37] . It consists of selecting and highlighting certain facets of an issue and relating them in ways that promote a particular interpretation, evaluation and/or solution [37, 38] . The analysis of informative framings is paramount to understanding how media present certain questions to society [39] . Ultimately, the selection of certain "frames" tends to highlight specific aspects of a problem over others, that will be well received and understood as such by the public [22, 37, 40] .
The political relevance of information framings lies in that the way societies perceive and understand specific problems and in turn will determine whether they believe the problem must be dealt with and what is the best way to do it. Many papers that focus on environmental issues and climate change have been written under this theoretical frame-work [13, 24, 25, 35, 39, [41] [42] [43] [44] [45] . Back in 1993 Entman argued that "frames" define problems, diagnose causes, convey moral judgments and propose solutions [22] . Therefore, the general information framings categories used in this study were precisely causes, consequences and solutions, as well as a framing of responsibility. Also, in order to determine the role played by daily newspapers in the creation of scientific uncertainty about climate change we also performed an analysis of specific information framings of climate science following the taxonomy outlined by Antilla in the U.S. in 2005 [25] .
Method
We selected the three leading Spanish general information newspapers according to Spain's Bureau of Broadcast Measurement: El País, El Mundo, and ABC [46] , the leading national business and financial daily Expansión and Levante, one of the most widely circulated newspapers in the Eastern region of Spain, containing the most kilometres of coastline. These papers cover most of the political spectrum and the sum of their circulation figures fluctuate at around one million copies per day [46] .
The choice of these media was based on the fact that most of the papers which had previously analysed media portrayal of climate change and its science used written press as a reference [4, 9, [23] [24] [25] 47] . Media debate on climate change in other communication outlets was either extremely limited or nonexistent [4] . In addition, the written press media coverage enriched this analysis by including political, economic, energy and environmental aspects of climatic change [48] .
The time frame for this research was eleven years, from 2000 to 2010, because according to previous studies [49, 50] , in 2000 the Spanish daily press began publishing a greater volume of news on climate change. It was during this period that the last two assessment reports on climate change by the UN Intergovernmental Panel on Climate Change (IPCC) were published, while controversies and disputes about the reliability of the work of the members of this group of experts arose, such as the scandal known as Climategate 3 or the erroneous statement that Himalayan glaciers would disappear in 2035. Finally, after the 2009 Copenhagen Summit, these eleven years served to make perfectly clear the difficulties of reaching a comprehensive, binding and effective political agreement on reducing emissions.
The analytical corpus was formed with 363 pieces of information selected by stratified systematic random sampling from a population of 1,810 units of analysis. The population was obtained by Boolean keyword searches in the Mynews.com database, following the example of other works done with British and American press [4, [23] [24] [25] 47] . Among the search criteria used, there was a keyword series -greenhouse effect or global warming or Table 1 . Numerical values assigned to the categories of the variable for dedicated reporting space.
Encoding of the information space dedicated
climate or IPCC or snowmelt or CO 2 or carbon dioxide, -some of which had to appear somewhere in the text, and all opinion texts were excluded. Imitating other papers [51] , media attention was calculated by information space dedicated rather than by the number of pieces of information. Five extension categories of information were established, and a numerical value was adjudicated to each of them, from high to low (see Table 1 ).
A content analysis [52, 53] was applied to the selected sample in order to analyse the following variables: the specific information framings of climate science [25] , the general framings [24] , their characterization and evaluation, and the degree of recognition of the problem (see Table 2 ). The Chi-square test was used to determine whether there were statistically significant relationships in framings application in terms of the attention cycle phase, considering that this relationship is significant when the associated probability has a p value < 0.001 [24] .
While Q1 was answered by monitoring the evolution of news coverage, Q2 was addressed through encoding of the content analysis. Next we carried out an in-depth characterization of the three most frequent climate change informative framings in order to answer Q3. Additionally we included a temporal and spatial assessment of the consequences to answer Q4. Finally Q5 was addressed by analysing the specific framings of climate science and measuring the degree of recognition of climate change and the arguments used when the phenomenon was either questioned or denied.
Results and discussion
Variations in the volume of news coverage (Q1) allowed a clear differentiation of three phases (see Figure 1) , which correspond to the three central moments in the cycle model of attention to environmental problems detected by Downs in the U.S. [21] . The first phase ran from 2000 to 2004 and was characterized by small but gradually increasing levels of attention to climate science. In the second phase, from 2005 to 2007, there was an unprecedented explosion of interest in the topic in Spain. This three-year informative climax marked a turning point, from which interest decreased through the end of the decade.
Framings analysis (Q2) revealed that 75% of information on climate science content dealt with consequences of climate change while only 12% put their emphasis on possible solutions to address this problem. One aspect relevant to its causes only reached 9% of the sample, whereas responsibility stayed at 1%. The analysis of the general framings based on the cycle of attention phases (see Figure 2) showed no statistically significant differences, as the probability associated with Chi-square had a p value > 0.001. How did Spanish newspapers construct the causes, consequences and solutions of climate change? As for the causes of the phenomenon (Q3. a), more than half of the sam- ple did not mention them (see Figure 3) . 41% of cases were linked to human activities while only 2% mentioned natural causes and 6% identified both natural and anthropogenic causes (mixed causes).
Exploring the consequences (Q3. b) consisted of assessment, characterization and analysis of both spatial and temporal scales. Regarding assessment, 71% of the cases were rated as either negative (53%) or catastrophic (18%). Only 1% of the sample mentioned positive impacts of the phenomenon and 6% of the information showed both negative and positive consequences (mixed). From 2007 on, the percentage of cases that assessed consequences decreased longitudinally and both negative and catastrophic evaluations decreased in parallel (see Figure 4) .
The characterization of consequences of climate change was a recurring topic in 85% of the sample (see Figure 5) , to the extent that it increased the characterization of causes six fold (see Figure 3) . The most quoted result was the rise of temperature (64%), distantly followed by the occurrence of extreme meteorological events (34%), sea level rise (27%), and the environmental consequences affecting the environment and biodiversity (26%). It is noteworthy that the effects on human health were at seventh place (15%), behind the socio-economic (23%), and rainfall decrease consequences (16%).
Less than half of the sample analysed alluded to climate change solutions (Q3. c) (see Figure 6 ). 14% of cases mentioned overall emissions reduction (without elaboration) while renewable energies were quoted in 7% of the sample and efficiency and energy sav- ings in 6%. Adaptation measures were contemplated in 6% of reports. Other subcategory analysis showed that measures to fight climate change are considered expensive by 3% of the samples, slightly above the percentage presented as a business opportunity (2%). Finally, the discussion of nuclear energy as a possible alternative to reduce emissions was supported in 3% of cases and rejected in 1%.
Regarding the spatial horizon (Q4. a) where the Spanish press placed the impacts of climate change, the percentage of information fell as the geographical scope was reduced (see Figure 7) . In that sense, while more than 40% of cases mentioned the consequences of global impact, only 13% of the sample addressed regional impact and 19% national impact. In the case of Levante, given its regional character, this difference was smaller although global consequences continued to be higher than regional ones (32% and 27%, respectively). However, this trend to spatially distance the consequences of climate change (Q4. b) could not be detected by measuring the time scale. Quite the contrary, our re- search revealed a tie between the percentage of information dealing with climate change impacts that are happening right now and those expected to happen in the medium and long term. According to these findings, the hypothesis of environmental hyperopia in the Spanish press was only confirmed in relation to its spatial scale but it did not occur in the time scale.
The analysis of specific framings of climate science (Q5) revealed that 13% of the sample was characterized by highlighted controversy, polemic and uncertainty compared to 87% which presented this branch of knowledge as sound science. Regarding recognition of climate change as a real problem that must be addressed, 9% of the reports questioned or denied such an approach. This percentage was screened further to try to explain the reasons for that position. It was found that in 30% of cases questioning or denial were advanced without any arguments at all (see Figure 8 ) while in 55% of cases, it was argued that further investigation was needed due to both limited scientific information or scientific errors (12%). Longitudinally it was found that during the last two years of the period analysed (2009 and 2010), more than 30% of the published reports showed sceptical positions or sourced from climate change deniers, coinciding with the collapse of negotiations on reducing emissions in Copenhagen and with several scandals in which climate scientists and even the IPCC -i.e. Climategate -were involved.
Conclusion
Spanish press interest in climate science from 2000 to 2010 was in line with the central phases of the attention cycle to environmental problems [21] . This pattern consisted of a period of gradual increase of attention (2000) (2001) (2002) (2003) (2004) , three years of a record-breaking information climax (2005) (2006) (2007) , and a steep decline (2008) (2009) (2010) . This cyclical pattern replicated the one obtained by analysing the coverage of climate change in the U.S., from 1985 to 1994 [24] and from 1980 to 1995 [23] . Comparing the 2000-2006 Spanish sample to other English-language news from numerous countries 4 spanning the same period [54] , the pattern of media attention was equally robust in presenting the same upward trend.
Fifty per cent of information on climate science published in Spain from 2000 to 2010 was concentrated during the 2005-2007 period. This pattern of media attention showed permeability to two factors: the overlapping of numerous events related to climate change that took place during those years and the emergence of other social problems, economic in nature, with which it had to share space [55] . Concerning the overlapping of events in scientific spheres, the fourth IPCC assessment report was presented in 2007, as well as other reports by Spanish universities assessing the impact of climate change at national and regional levels [56] [57] [58] . Politically, a Commission for the Coordination of Climate Change Policies between Spain's Central Administration and Autonomous Communities was created, and national allocation plans for emission rights and climate change adaptation were approved. Finally, in 2007 the documentary "An Inconvenient Truth" by Al Gore premiered in Spain, with Gore receiving the Prince of Asturias Award for International Cooperation and sharing the Nobel Peace Prize with the IPCC that same year.
Unlike in the U.S. press, where the consequences of climate change (both as a framing and as news narrative element) were more present during the phase of increased media attention, in Spain the highest interest in the consequences occurred both during the three years of maximum coverage and the phases of increase and decrease. Compared to other studies [23, 24] , the excessive interest of Spanish newspapers in highlighting the consequences of climate change, regardless of the attention cycle moment [21] , may be due to the high vulnerability of Spanish territory to the consequences of climate change, due to its geographic location [56] . However, in assessing these differences, methodological differences between the studies compared must be taken into account, starting with the different time frame. In addition, samples by Trumbo [24] , McComas and Shanahan [23, 59] focused on climate change while the Spanish newspapers sample had a more specific focus, climate science. However, the Spanish newspapers trend coincided with the one detected by opinion polls: 32% of Spaniards considered themselves informed about the consequences of climate change compared to only 2% who considered themselves informed about its solutions [59] .
As for the types of causes of climate change in the Spanish press, 41% of cases mentioned an exclusively anthropogenic origin of the phenomenon compared with only 6% of cases in the American press [47] . Another important difference between the two countries is that while only 6% of the sample mentioned a combination of natural and anthropogenic causes in Spain, that figure exceeded 30% in the US. These differences may be due to activities by American lobby groups to promote denial of climate change in order to create scientific uncertainty about the problem [60] [61] [62] [63] , both within the US and abroad. Opinion polls in the US showed that 39% of people said that there was little or no scientific consensus on climate change [64, 65] , while in Spain, this figure was slightly lower (31%) [59] , although it could be considered unusually high if we take into account that in this European country there are no powerful lobby groups like those in the US. Indeed, the analysis of specific framings showed that only 13% of Spanish newspaper reports offered framings of climate science as science that was not sound ("bad science"), compared to 34% of American press reports [25] . In 9% of the analysed sample, Spanish newspapers may also have created scientific uncertainty by denying or questioning the existence of climate change, stressing scientific errors and the shortage of scientific information available. The average percentage of the entire sample was outweighed by the financial daily Expansión (29%) and by El Mundo (17%). Not surprisingly, Expansión targets the Spanish business elite.
The vast majority of climate change impacts were rated as negative and catastrophic over the decade, although this percentage diminished as media attention started to decline from 2008 onward. An analysis of taxonomy of consequences showed that rise of temperature appeared in six out of ten pieces of reporting, nearly doubling the occurrence of extreme weather events. Thirdly, rising sea levels were treated in 27% of cases. Contrary to what it might have been expected, Levante, a newspaper edited in the Eastern coastal city of Valencia, paid less attention than other Madrid newspapers to rising temperatures and placed rising sea levels in fourth place while in Madrid, sea level rise was in third place.
The hypothesis of environmental hyperopia [20] in the Spanish press was confirmed in relation to its spatial scale but it did not occur in the time scale. Environmental hyperopia consists of perceiving environmental problems as more serious the further away they are -both in time and space -as a strategy to reduce our responsibility in creating the phenomenon and in designing response measures. When comparing these findings in Spanish newspaper coverage with opinion polls in Spain [66] , we found that residents of the Spanish Mediterranean coastal areas considered climate change to be a current (60%) rather than a future problem (30%), although 74% of the total sample stated future generations would be most affected by the consequences of climate change.
Ultimately, this research has identified a certain number of deficiencies in climate science coverage in the Spanish press during the first decade of the 21st century, when the issue reached its peak of notoriety both in media [33, 38, 49, [67] [68] [69] and public opinion [17, 59, 66, [70] [71] [72] [73] . Among other shortcomings, an excessive interest in the consequences of climate change, the permeability of media attention to overlapping events related to the phenomenon, and the appearance and evolution of other problems, as well as the creation of scientific uncertainty were stressed.
In the context of improving climate science communication, we argue that these deficiencies are problematic in addressing climate change. In this regard, media coverage focused on the consequences of climate change can be more appealing to an audience, but can also cause impotence if the problem is of such dimension that one feels unable to cope with it. Similarly, the permeability of the volume of media attention to overlapping events means that media interest in climate science coverage dramatically increased when several related events occurred in a short period of time -for example, the news coverage record reached from 2005 to 2007 with the launch of the 4 th IPCC assessment report and other national and regional impact reports published by Spanish universities and government institutions [56] [57] [58] . However, this flow of information also decreased when other social problems came into scene -as occurred from 2008 with the irruption of the economic crisis in Spain. In the context of science communication, this pattern represents a limitation on the flow of information from the scientific sphere to the public arena.
Finally, the creation of scientific uncertainty about climate change is also problematic when it is used as an excuse to delay decision-making repeating the mantra "more research is needed". The current status quo greatly favors those social agents who benefit from the absence of a mandatory global regulation on reducing emissions of greenhouse gases. Furthermore, it represents a threat to the inhabitants of the geographical areas most vulnerable to the consequences of climate change, which also tend to be underdeveloped or developing countries. Assuming coverage of climate science can act either as a facilitator or as an inhibitor of individual action and policy decision-making, future improvement of reporting on this issue can only be reached through analytical knowledge of such journalistic shortcomings.
